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ADJUSTABLE SURGICAL CUTTING SYSTEMS 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Patent 
Application Serial No. 60/520,097 entitled "Minimally Invasive Surgery 
5 Cutting Block" filed on November 14, 2003, the entire content of which is 
incorporated herein. 

FIELD OF THE INVENTION 

The present invention relates generally to systems, devices and 
methods for preparing bones for installing joint implants during joint 
10 replacement surgery. More specifically, the present invention relates to 
adjustable systems for cutting bones during joint replacement surgery, 
particularly to adjustable surgical cutting blocks for resecting femoral or 
tibial bones, or both, during total knee replacement surgery, or total knee 
arthroplasty. 

15 BACKGROUND 

Joint implants, also referred to as joint prostheses, joint prosthetic 
implants, joint replacements, or prosthetic joints, are long-term surgically 
implantable devices that are used to partially or totally replace within the 
musculoskeletal system of a human or an animal diseased or damaged 
20 joints, such as, but not limited to, a knee, a hip, a shoulder, an ankle, or an 
elbow joint. Since their first introduction into clinical practice in the 1960s, 
joint implants have improved the quality of life of many patients. 

Knee arthroplasty is a procedure for replacing components of a knee 
joint damaged by trauma or disease. During this procedure, a surgeon 
25 removes a portion of one or more knee bones forming the knee joint and 
installs prosthetic components to form the new joint surfaces. In the 
United States alone, surgeons perform approximately 250,000 total knee 
arthroplasties (TKAs), or total replacements of a knee joint, annually. 
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Thus, it Is highly desirable to improve this popular technique to ensure 
better restoration of knee joint function and shortening the patient's 
recovery time. 

The human knee joint includes essentially includes four bones. The 
5 lower extremity of the femur, or distal femur, attaches* by ligaments and a 
capsule to the proximal tibia. The distal femur contains two rounded 
oblong eminences, the condyles, separated by an intercondylar notch. 
The tibia and the femur do not interlock but meet at their ends. The 
femoral condyles rest on the condyles of the proximal tibia. The fibula, the 

10 smaller shin bone, attaches Just below the tibia and is parallel to it. The 
patella, or knee cap, is at the front of the knee, protecting the joint and 
providing extra leverage. A patellar surface is a smooth shallow articular 
depression between the femoral condyles at the front. Cartilage lines the 
surfaces of the knee bones, cushions them, and minimizes friction. Two 

15 C-shaped menisci, or meniscal cartilage, lie between the femur and the 
tibia, serve as pockets for the condyles, and stabilize the knee. Several 
ligaments connect, the knee bones and cover and stabilize the joint The 
knee ligaments include the patellar ligament, the medial and lateral 
collateral ligaments, and the anterior (ACL) and posterior (PCS) cruciate 

20 ligaments. Ligaments and cartilage provide the strength needed to support 
the weight of the upper body and to absorb the impact of exercise and 
activity. A bursa, or sack, surrounds the knee joints and contains 
lubricating fluid. 

A healthy knee allows the leg to move freely within its range of 
25 motion while supporting the upper body and absorbing the impact of its 
weight during motion. The knee has generally six degrees of motion 
during dynamic activities: three rotations (flexion/extension angulations, 
axial rotation along the long axis of a large tubular bone, also referred to as 
interior/exterior rotation, and varus/valgus angulations); and three 
30 translations (anterior/posterior, medial/lateral, and superior/inferior). 
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A total knee arthroplasty, or TKA, replaces both the femoral 
component and the tibial component of the damaged or affected by 
disease knee with artificial components made of synthetic materials, 
Including, but not limited to, metals, ceramics, plastics, or combinations of 
5 them. These prosthetic knee components are attached to the bones, and 
existing ligaments and muscles are used to stabilize the artificial knee. 
During TKA, after preparing and anesthetizing the patient, the surgeon 
makes a long incision along the front of the knee and positions the patella 
to expose the joint After exposing the ends of the bones, the surgeon 

10 removes the damaged tissue and cuts, or resects, the portions of the tibial 
and femoral bones to prepare the surfaces for installation of the prosthetic 
components. After preparation of the bones, the knee is tested with the 
trial components. Ligament balancing, including any necessary surgical 
release or contraction of the knee ligaments, is performed to ensure proper 

15 selection of the prosthetic components and post-operative functioning of 
the knee. Both anatomic (bone-derived landmarks) and dynamic or 
kinematic (ligament and bone interactions during the knee movement) data 
are usually considered when determining surgical cuts and positioning of 
the prosthetic components. After ligament balancing and proper selection 

20 of the components, the surgeon installs and secures the tibial and femoral 
components. The patella is resurfaced before or after installation of the 
tibial and femoral component, and a small plastic piece is often placed on 
the rear side, where it will cover the new joint After installation of the knee 
prosthesis, the knee Is closed according to conventional surgical 

25 procedures. Post-operative rehabilitation starts shortly after the surgery to 
restore the knee's function. 

Improper positioning and misalignment of the prosthetic knee 
components commonly cause prosthetic knees to fail, leading to revision 
surgeries. This failure increases the risks associated with knee 
30 replacement, especially because many patients requiring prosthetic knee 
components are elderly and highly prone to the medical complications 
resulting from multiple surgeries. Also, having to perform revision 
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surgeries greatly increases the medical costs associated with the 
restoration of the knee function. In order to prevent premature, excessive, 
or uneven wear of the artificial knee, the surgeon must implant the 
prosthetic device so that Its multiple components articulate at exact angles. 
5 Thus, correctly preparing the bone for installation of the prosthetic 
components by precisely determining and accurately performing all the 
required bone cuts is vital to the success of TKR. 

The surgeons generally rely heavily on their experience to determine 
where the bone should be cut. They also use various measuring and 

10 indexing devices to determine the location of the cut, and various guiding 
devices, such as, but not limited to, guides, jigs, blocks and templates, to 
guide the saw blades to accurately resect the bones. After determining the 
desired position of the cut, the surgeon usually attaches the guiding device 
to the. bone using appropriate fastening mechanisms, including, but not 

15 limited to, pins and screws. Attachment to structures already stabilized 
relative to the bone, such as intramedullary rods, can also be employed. 
After stabilizing the guiding device at the bone, the surgeon uses the 
guiding component of the device to direct the saw blade in the plane of the 
cut. 

20 To properly prepare femoral surfaces to accept the femoral 

component of the prosthetic knee, the surgeon needs to accurately 
determine the position of and perform multiple cuts, including, but not 
limited to, a transversely directed distal femoral cut, an axially directed 
anterior femoral cut, an axially directed posterior femoral cut, anterior and 

25 posterior chamfer femoral cuts, a trochlear recess cut, or any combination 
or variation of those. Preparation of the tibia for installation of the tibial 
component may also involve multiple cuts. Sequentially attaching to the 
bone and properly positioning a series of cutting guides, each adapted for 
a specific task, lengthens and complicates the TKR procedure. This 

30 problem is particularly pressing in the context of the so-called "minimally 
invasive surgery" (MIS) techniques. 
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The term "minimally invasive surgery" generally refers to the surgical 
techniques that minimize the size of the surgical incision and trauma to 
tissues. Minimally invasive surgery Is generally less intrusive than 
conventional surgery, thereby shortening both surgical time and recovery 
5 time. Minimally invasive TKA techniques are advantageous over 
conventional TKA techniques by providing, for example, a smaller incision, 
less soft-tissue exposure, improved collateral ligament balancing, and 
minimal trauma to the extensor mechanism (see, for example, 
Bonutti, P.M., et a/., Minimal Incision Total Knee Arthroplasty Using the 

10 Suspended Leg Technique, Orthopedics, September 2003). To achieve 
the above goals of MIS, it is necessary to modify the traditional implants 
and Instruments that require long surgical cuts and extensive exposure of 
the internal knee structures. To make the knee implants and knee 
arthroplasty instruments, structures, and devices particularly suitable for 

15 minimally invasive surgical procedures, it is desirable to decrease their 
size and the number of components. Cutting systems and devices for MIS 
are desired that can be installed and adjusted with minimal trauma to the 
knee's tissues and allow the surgeon to perform the cuts quickly and 
efficiently without compromising the accuracy of the resection. Also 

20 desired are cutting systems and devices that minimize the number of the 
surgical steps required to accurately cut the bones in preparation for 
installation of the prosthetic knees. 

Another recent development in TKA is computer-assisted surgical 
systems that use various imaging and tracking devices and combine the 

25 image information with computer algorithms to track the position of the 
patient's leg, the implant, and the surgical instruments and make highly 
individualized recommendations on the most optimal surgical cuts and 
prosthetic component selection and positioning. Several providers have 
developed and marketed imaging systems based on CT scans and/or MRI 

30 data or on digitized points on the anatomy. Other systems align 
preoperative CT scans, MRIs, or other images with intraoperative patient 
positions. A preoperative planning system allows the surgeon to select 
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reference points and to determine the final implant position. 
Intraoperative^, the system calibrates the patient position to that 
preoperative plan, such as using a "point cloud" technique, and can use a 
robot to make femoral and tibial preparations. Other systems use position 
5 and/or orientation tracking sensors, such as infrared sensors acting 
stereoscopically or otherwise, to track positions of body parts, surgery- 
related items such as Implements, Instrumentation, trial prosthetics, 
prosthetic components, and virtual constructs or references such as 
rotational axes which have been calculated and stored based on 

10 designation of bone landmarks. Processing capability such as any desired 
form of computer functionality, whether standalone, networked, or 
otherwise, takes into account the position and orientation information as to 
various items in the position sensing field (which may correspond generally 
or specifically to all or portions or more than all of the surgical field) based 

15 on sensed position and orientation of their associated fiducials or based on 
stored position and/or orientation information. The processing functionality 
correlates this position and orientation information for each object with 
stored information regarding the items, such as a computerized 
fluoroscopic imaged file of a femur or tibia, a wire frame data file for 

20 rendering a representation of an instrumentation component, trial 
prosthesis or actual prosthesis, or a computer generated file relating to a 
rotational axis or other virtual construct or reference. The processing 
functionality then displays position and orientation of these objects on a 
screen or monitor, or otherwise. The surgeon may navigate tools, 

25 instrumentation, trial prostheses, actual prostheses and other items 
relative to bones and other body parts to perform TKAs more accurately, 
efficiently, and with better alignment and stability. 

With the introduction of the computer-assisted surgical systems, 
adjustable systems for cutting the bone during TKR became particularly 
30 desired. Although some providers developed adjustable cutting blocks, 
their adjustment capabilities were generally limited to setting a parameter, 
such as the varus/valgus angle, prior to installation of the cutting block 
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The cutting systems capable of being adjusted continuously during surgery 
were not desirable, because the surgeon was not able to follow the 
position of the installed cutting block after adjustment. Once the computer- 
aided systems and processes became available that can provide useful 
5 data throughout TKR surgery on predicted or actual position and 
orientation of body parts, surgically related items, implants, and virtual 
constructs for use in navigation, assessment, and otherwise performing 
surgery or other operations, cutting systems became particularly desirable 
whose position can be continually adjusted after taking into account the 
10 feedback from the computer functionality. Additionally, the known 
adjustable cutting systems are not suitable for minimally invasive surgery, 
because they are generally too large to be placed In a small incision, too 
' cumbersome to use, and require additional mechanical referencing 
devices for proper positioning and adjustment 

15 Thus, multifunctional systems for guiding bone cuts during TKR are 

needed that are particularly well adapted for use in minimally invasive 
surgery, computer-assisted surgery, or both. To this end, cutting systems 
or devices are needed that are smaller than conventional cutting systems 
and devices, and allow the surgeon to minimize the size of the surgical 

20 incision and tissue damage, thereby reducing the surgical repairs and 
shortening the recovery time. Cutting systems and devices are needed 
that minimize damage the bone during installation. Cutting systems and 
devices are needed that can be positioned and installed at the bone 
without the encumbrances of mechanical referencing devices. Further, 

25 cutting systems and devices are needed whose position can be precisely 
controlled before and after installation so that it is possible to place them 
accurately in the desired location suggested by the navigation system. 
Also, there is an unrealized need In cutting systems and devices with 
multiple adjustment parameters. Particularly, systems and devices are 

30 desired that are adjustable in multiple angles of rotation and multiple 
translations, but miniature enough to be useful for minimal invasive 
surgery, thereby reducing patient visit time and costs, and potential of 
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infection. In general, surgical cutting guides are needed for use in TKA 
that are easy to use and manufacture, minimize tissue damage, simplify 
surgical procedures, are robust, can withstand multiple surgeries and 
required sterilization treatments, are versatile, allow for faster healing with 
5 fewer complications, require less post-surgical immobilization, are simple 
to use so as to require less operator training, and also less costly to 
produce and operate. 

SUMMARY 

The aspects and embodiments of the present invention provide 
10 novel systems, devices and methods for accurately cutting or resecting 
bones during surgery. In a preferred embodiment, the systems, devices, 
and methods are for resecting bones in preparation for installing joint 
implants during arthroplasties, including,, but not limited to, preparation of 
the femur or tibia during knee arthroplasties, such as total knee 
15 arthroplasty. Certain aspects and embodiments of the present invention 
provide novel solutions for adjusting a position of the cutting guides, or 
structures for guiding or directing the implements for resecting a patient's 
bone tissue, such as saws. 

The systems and devices according to aspects and embodiments of 
the present invention are adjustable and modular. The systems and 
devices according to the aspects and embodiments of the present 
invention comprise an adjuster module, or adjuster, for adjusting the 
cutting guide's position at the patient's bone in at least one degree of 
rotational freedom and in at least one degree of translational freedom and 
comprising structures for adjusting the cutting guide's position in at least 
one degree of translational freedom, at least one degree of rotational 
freedom, or both. During adjustment, the adjuster is attached, affixed, 
adjoined, fastened, connected to, or otherwise stabilized in space relative 
to the patient, and operably connected to the cutting guide that is free to 
move relative to the patient. Manipulating the adjuster moves the cutting 
guide, thereby adjusting its position relative to the bone. 
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Compared to conventional adjustable cutting guides and systems, 
the systems according to aspects and embodiments of the present 
Invention advantageously allow a user to adjust the position of cutting 
guides relative to a patient throughout the surgical procedure. Many 
5 conventional systems fail to provide for adjustment of position of the 
cutting guides after their initial Installation. They have to be adjusted prior 
to their installation in the surgical field, forcing the user to rely on the 
preliminary estimates of the cutting guide's position, not necessarily 
accurate. In contrast, the systems according to the aspects and 

10 embodiments of the present invention are initially generally located and 
installed relative to the patient based on any suitable technique available to 
the user, followed by precisely adjusting the position of the cutting guide by 
manipulating the adjuster module. Upon adjustment, the cutting guide is 
affixed or otherwise stabilized relative to the bone and is used to direct the 

15 cutting implement In bone resection. 

The modular structure of the systems and devices according to the 
aspects and embodiments of the present invention increases their 
versatility compared to conventional devices. In one aspect, the modular 
structure improves the versatility by allowing modification of the systems 1 

20 compopents quickly and easily. For example, combining the adjuster 
modules and the cutting guides in various arrangements is possible. 
Further improving the system's versatility, the adjuster modules can be 
stabilized with respect to the patient either by directly attaching them to the 
bone, or indirectly, by attaching the adjuster to structures affixed or 

25 stabilized with respect to the patient. For example, an adjuster can be 
attached to pre-installed intramedullary rods or anchor posts, thereby 
providing and additional opportunity for positioning relative to the patient. 

The adjustability of the systems and devices according to aspects 
and embodiments of the present invention allows their installation in a 
30 variety of patients and their use for preparation of bones differing in size 
and shape in different surgical applications. By incorporating multiple 
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adjustment capabilities, the dimensions and position of the systems and 
devices according to aspects and embodiments of the present invention 
are easier and more accurate to adjust than those of conventional devices. 

Although suitable for a variety of applications, the modular 
5 adjustable systems devices according to aspects and embodiments of the 
present invention are particularly advantageous for minimally invasive 
surgeries, such as minimally invasive knee arthroplasty. The cutting 
systems and devices according to aspects and embodiments of the 
present invention are generally smaller than conventional cutting systems 

10 and devices, although their size can be adjusted to the needs of a 
particular surgical procedure. For Installation, the systems and devices 
can be separated into modules. The adjustment structures and 
mechanisms are advantageously smaller in size and, in certain 
embodiments, integrate multiple adjustment capabilities, thereby reducing 

15 the total number and size of the requisite components. Employing one or 
more of the foregoing principles minimizes the size of the needed surgical 
incisions, minimizes tissue damage in general, reduces surgical repairs, 
and shortens the recovery time. 

The modular adjustable systems and devices according to aspects 
20 and embodiments of the present invention are also particularly 
advantageous for computer assisted surgical procedures, such as 
computer-assisted knee arthroplasty. The position of the cutting systems 
and devices can be precisely controlled before and after installation. Thus, 
it is possible to fine-tune their position throughout surgery using 
25 navigational feedback. 

The capabilities of the cutting systems and devices that allow their 
use in conjunction with computer-assisted surgery systems further 
minimize the damage to the patient's tissues and improve the recovery as 
compared to the conventional systems. In one aspect, this is because the 
30 cutting systems and devices can be positioned and installed at the bone 
without the encumbering mechanical referencing devices. In another 
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aspect, the cutting systems and devices are accurately adjustable in 
multiple degrees of freedom, thereby allowing for more precise fit and 
control of the position than conventional devices, thereby achieving more 
accurate bone cuts and better fit of the joint prosthetic components, 
5 reducing the prosthetics failure rate and the need for subsequent revision 
surgeries, and improving the patients restoration of function. The 
embodiments of the present invention also provide the methods for 
adjusting a position of a cutting block at a bone during surgery using 
systems and devices according to the aspects and embodiments of the 
10 present invention. 

Thus, the systems and devices according to certain embodiments of 
the present invention are adjustable in multiple degrees of freedom, 
including one or more angles of rotation and one or more translations, and 
are modular, with one or more modules miniature enough for minimally 

15 invasive surgery. In general, the systems according to the embodiments 
provided herein reduce patient visit time and costs and potential of 
infection. They are easier to use and manufacture, minimize tissue 
damage, simplify surgical procedures, are robust, can withstand multiple 
surgeries and required sterilization treatments, are versatile, allow for 

20 faster healing with fewer complications, require less post-surgical 
immobilization, are simple to use so as to require less operator training, 
and are also less costly to produce and operate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an isometric view of an adjustable cutting block attached 
25 to an end of a tubular bone. 

Figure 2 is a side view in the medial/lateral direction of the 
adjustable cutting block of Figure 1 attached to an end of a tubular bone. 

Figure 3 is a side view in the medial/lateral direction of the 
adjustable cutting block of Figure 1. 
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Figure 4 is a front view in the anterior/posterior direction of the 
adjustable cutting block of Figure 1. 

Figure 5 is a top view in the superior/inferior direction of the 
adjustable cutting block of Figure 1. 

5 Figure 6 Is a schematic representation of the ball-and-socket 

structures of the adjustable cutting block. 

Figure 7 an isometric view of a transverse adjustable cutting block. 

Figure 8 is an Isometric view of an adjustable femoral block. 

Figure 9 is a schematic view of an adjustable cutting block adaptor 
10 at a patient's leg during surgery; 

DETAILED DESCRIPTION 

The advantages of the systems according to the aspects and 
embodiments of the present invention are achieved by providing, for 
example, a system for preparation of a bone of a patient during total knee 

15 arthroplasty, such as the systems for resection of distal femur of proximal 
tibia in preparation of installation of the femoral and the tibial components, 
respectively, during total knee arthroplasty. However, the application 
principles and structures illustrated herein by the embodiments of the 
present invention are not limited to resection of distal femur or distal tibia 

20 and are not limited to total knee arthroplasty. Various other uses of the 
devices according to aspects and embodiments of the present invention 
are envisioned, such as, but not limited to, use in joint arthroplasty, 
including various knee arthroplasties, and for resection of bone tissue in 
any surgical procedure where precise and accurate cuts are beneficial. 

25 The systems according to aspects and embodiments of the present 

invention comprise an adjustor module for adjusting the position and 
orientation of a cutting guide module for directing an implement for 
resecting the bone, for example, a surgical saw. Adjustment of the cutting 
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guide is in least one degree of rotational freedom and at least one degree 
of translational freedom. In reference to the knee joint, the degrees of 
rotational freedoms are commonly referred to as varus/valgus angle, 
flexion/extension angle, and the interior/exterior axial rotation, or rotation 
5 around the long axis of a large tubular bone. The degrees of translational 
freedoms are commonly referred to as superior/inferior (height along the 
long axis of a large tubular bone), medial/lateral, and anterior/posterior. It 
is to be understood that the adjustment capabilities of the systems 
provided herein are not limited by the above terms and other notations for 
10 denoting degrees of rotational and translational freedom can be used. 

The adjuster module, or the adjuster, comprises structures for 
stabilizing its position with respect to the patient Such structures include, 
but are not limited to, structures for connecting the adjuster to the bone, 
such as openings for inserting attachment pins or screws, spikes, or the 

15 like. Attaching or affixing the adjuster to the patient can be performed In a 
variety of ways, including percutaneous attachment, direct attachment to 
the bone, or by engaging a structure or a surgical device fixed relative to 
the patient, such as, but not limited to, an anchor post or a intramedullary 
rod inserted into a bone. In general, stabilization of a device with respect 

20 to the patient is not limited to attaching or affixing.the device to the patient, 
but can be accomplished by minimizing their relative movement with 
respect to each other using any appropriate principle or mechanism. For 
example, a device and a patient can be stabilized separately with respect 
to the surgical table. For certain applications of the present invention it is 

25 advantageous for the adjustable guide to remain as stable as possible, or 
have little backlash, or "play." To this end, multiple stabilization structures 
can be provided to be employed at the discretion of a user. One example 
Is a combination of attachment to an anchor post with the stabilization by 
the additional pinning structures. In one variation, the anchor post is 

30 removed after pinning of the adjuster to the patient. 
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The adjuster further comprises the structures for releasably 
engaging one or more cutting guides, also referred to as cutting blocks, 
jigs, or by any other term used In the field. The cutting guide comprises 
one or more structures, such as a guiding slot or a guiding plane, for 
5 directing a cutting implement. As noted above, the devices according to 
the aspects and embodiments of the present Invention allow for 
adjustments of the position of the cutting guide in at least one degree of 
rotational freedom and at least one degree of translational freedom with 
respect to the patient's bone. The aspects and embodiments of the 
10 present invention provide multiple adjustment capabilities to the surgical 
cutting guides without increasing their size or number of components. The 
cutting guide according to certain aspects and embodiments of the present 
invention further comprises structures and devices for attaching the guide 
to a bone, such as the distal femur or proximal tibia, prior to resection. 

15 In certain aspects and embodiments, the structures and devices 

provided herein comprise several parts moveable relative to one another, 
thereby allowing for change of position of the parts with respect to each 
other and the bone. The change of position can be translational or 
rotational or both. The moving parts are connected by one or more 

20 structures, including but not limited to, interlocking parts, rail/slot 
structures, t-slots, clamps, screws, pins, racks, or ball-and-socket joints. 
The systems and devices of the embodiments of the present invention also 
comprise structures for manipulating the relative position of the parts, such 
as knobs, screws, levers, or the like. The systems and devices of the 

25 disclosed embodiments of the present Invention can be adapted as 
needed for manipulation and adjustment by a user, such as a surgeon, 
with or without the input of a computer functionality, an automatic, robotic, 
or computer-aided navigating or manipulating device, or any combination 
or variation of the foregoing. 

30 In a disclosed embodiment of the present invention, the user 

employs the systems and devices to adjust the orientation or the position, 
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or both, of a cutting guide during knee surgery, such as TKA. Accordingly, 
the cutting guide is a femoral cutting guide for distal femoral resection or a 
tibial cutting guide for proximal tibial resection. The cutting guide can be 
for guiding a saw in one or more cuts. For example, the femoral cutting 
5 guide is a guide for performing one or more femoral cuts, including, but not 
limited to, the cuts of the distal femur, such as, distal, axially directed 
anterior, axially directed posterior, anterior chamfer, or posterior chamfer 
cuts, or a combination thereof. Integrating several guiding capabilities in 
the same guide, or providing the capability to engage several cutting 
10 guides to an adjuster, simultaneously or sequentially, advantageously 
reduces the number of components required for complete preparation of 
the bone. This reduction, In turn, minimizes the complexity and the size of 
the cutting system, rendering it particularly suitable for, although not limited 
to, minimally invasive surgical applications. 

15 The cutting guide adjuster according to the aspects and 

embodiments of the present invention comprises one or more structures 
for adjusting the positon of the cutting guide at a patient's bone, such as a 
tibial or a femoral bone, in at least one of superior/inferior, medial/lateral, 
or anterior/posterior translations. The cutting guide adjuster also 

20 comprises one or more structures for adjusting the position of the cutting 
guide at a patient's bone, such as a tibial or a femoral bone, in at least one 
of varus/valgus angle, flexion/extension angle, or axial rotation. A femoral 
cutting guide adjuster according to one of the embodiments of the present 
invention comprises one or more structures for adjusting the position 

25 cutting guide with respect to the femur in at least one of varus/valgus 
angle, flexion/extension angle, or proximal/distal translation. 

In one embodiment, the adjuster comprises a ball-and-socket 
structure for adjusting the cutting guide in at least two degrees of rotational 
freedom, comprising a plate operably connected to the cutting guide and 
30 comprising first, second, and third sockets; a first member comprising a 
first ball member inserted Into the first socket; a second member, 
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comprising a second ball member inserted into the second socket, a first 
opening, and a second opening, wherein the first member is inserted into 
and is retractable through the first opening In the second member; a third 
member; and a fourth member comprising a third ball member inserted into 
5 the third socket and a third opening, wherein the third member is inserted 
into and is retractable through the second opening in the second member 
and the third opening in the third member. Retracting or inserting at least 
one of the first member through the first opening or the third member 
through at least one of the second opening or the third opening moves the 
10 plate in at least one degree of rotational freedom, causing the cutting guide 
to move in the at least one degree of rotational freedom. 

In one embodiment, the adjuster further comprises a module for 
attachment to the bone. The module for attachment to the bone can be, in 
turn, adjustably connected to an adjustment mechanism, such as the ball 

15 and socket structures described above. The connection between the 
attachment module and the adjustment mechanism is rotationally or 
translationally regulated, or both, thereby providing additional adjustment 
capabilities to the system. Providing multiple adjustment capabilities for 
the same or different degrees of freedom is useful in that mechanisms best 

20 suited for each adjustment step can be employed. For example, a slidable 
rail/slot, lever-controlled connection can be used for gross translations 
adjustment in a degree of freedom, whereas a screw-controlled connection 
can be employed to fine-tune the same adjustment Providing 
mechanisms for both gross and fine adjustment control in the same system 

25 allows for more precise control of the location of the cutting block than that 
allowed by the conventional cutting blocks. It is also advantageous in 
computer-assisted surgical applications. For example, during computer- 
assisted surgery, the user provisionally locates the cutting block using 
conventional anatomical landmarks, and then fine-tunes the block's 

30 position using navigational feedback from the computer functionality. 
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The systems and devices according to aspects and embodiments of 
the present Invention can include computer functionalities, imaging or 
navigation functionalities, or other aspects and components or systems for 
computer-aided surgery, or be integrated or Interfaced with such systems. 
5 The systems and devices according to aspects and embodiments of the 
present invention can include aspects and components or systems for 
minimally invasive surgery, or be integrated or interfaced with such 
systems. 

The method for adjusting a position of a cutting block at a bone 
10 during surgery using systems and devices according to the aspects and 
embodiments of the present invention generally comprises the following 
steps, not necessarily in the listed order: stabilizing an adjustor device with 
respect to a patient; engaging the cutting guide .with the adjuster device; 
manipulating the adjustor to adjust the position of the cutting guide in at 
15 least one degree of translation^ freedom and the at least one degree of 
rotational freedom; attaching the cutting guide to the bone; and cutting the 
bone with an implement directed by the cutting guide. The method 
according to certain aspects and embodiments of the present invention 
can further comprise the step of disengaging the adjustor device from the 
20 cutting guide. 

The foregoing discloses preferred embodiments of the present 
invention, and numerous modifications or alterations may be made without 
departing from the spirit and the scope of the invention. 

Adjustable Cutting Block 

25 One of the aspects and embodiments of the present invention 

provides an adjustable femoral cutting system, referred herein as an 
adjustable femoral cutting block, for performing a distal femoral cut during 
TKR. The adjustable cutting block is illustrated in Figures 1-5. The 
adjustable cutting block according to this embodiment is adjustable in one 

30 or more degrees of freedom. It Is adjustable rotationally, translationally, or 
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both. The principles and structures of the adjustable femoral cutting block 
illustrated herein can be applied to cutting blocks for resection of a variety 
of bones, including, but not limited to, any bone resections performed 
during Joint arthroplasties. 

5 The adjustable cutting block comprises mechanisms for both gross 

and fine adjustment of the superior/Inferior translation, thereby allowing for 
gross and fine control of the superior/inferior position of a distal femoral 
cutting guide at the distal femur. The superior/inferior translation is 
generally along the long axis of the femur, also referred to as a distal 

10 resection depth, or height of the distal cut. Additionally, the cutting block 
comprises adjustment mechanisms for adjustment of the anterior/posterior 
translation. Providing mechanisms for both gross and fine control of the 
superior/anterior translation and the anterior/posterior translationai 
adjustment allows for more precise control of the location of the distal 

15 femoral cut than that of conventional cutting blocks. 

The adjustable cutting block is particularly advantageous for 
computer-assisted surgery. For example, during computer-assisted 
surgery, the user provisionally locates the cutting block using conventional 
anatomical landmarks and then fine tunes the block's position using 
20 navigational feedback from the computer functionality. 

The adjustable cutting block is also advantageous over the 
conventional systems in correcting major deformities in the bony 
structures. The conventional instruments that rely on mechanical 
references to set the fixed positions for the cutting guide may reference the 
25 deformed bony geometry, making it difficult to correctly perform the cuts 
needed to correct the deformity. The adjustable cutting block it Is not 
subject to this difficulty because the user does not rely on mechanical 
references to the bony anatomy to tune the position of the block,. 

Rotationally, the cutting block is adjustable in varus/valgus and 
30 flexion/extension angles. According to certain embodiments of the present 
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invention, the rotational adjustment of the cutting block Is advantageously 
and accurately controlled by a ball-and-socket mechanism. Integrating 
both varus/valgus and flexion/extension angular adjustment capabilities in 
the ball-and-socket structure reduces the number of components as 
5 compared to conventional adjustable cutting blocks and, in one aspect, 
allows for reduction in size, rendering the block particularly advantageous 
for minimally invasive surgical applications. The design of the ball joints 
employed In the preferred embodiments of the adjustable cutting block has 
decreased sensitivity to the manufacturing variations, providing important 
10 advantages in precision and ease of production over the conventional 
structures. More specifically, the screw threads adjusting the ball joints act 
in one axis, the only controls which affect the adjustment relate to the 
screw threads and the ball and socket joints themselves. 

The adjustable cutting block comprises the structures for stabilizing 
15 the block at the bone, specifically, at the distal femur. For installation, the . 
adjustable cutting block may be referenced to various virtual surgical 
constructs, such as a mechanical axis of the femur. Prior to adjustments, 
the adjustable cutting block is attached to or fixated at a bone directly or by 
connecting it to a surgical structure, such as, but not limited to, an 
20 intramedullary rod, a post, or an adaptor. Attaching the block to the bone 
or to the surgical structure does not interfere with the block's adjustment 
capabilities, unless so desired by the surgeon. In certain embodiments, 
the block's location at to the surgical structure can also be adjusted at the 
surgeon's discretion. In another aspect, after the adjustments of the block 
25 are completed, the cutting guide component of the block is fixated to the 
bone for performing the resection. 

In general, during TKA the surgeon stabilizes the adjustable cutting 
block in the surgical field, adjusts the block's position, fixates the block in 
the adjusted position at the femur, and performs the distal femoral cut. In 
30 a preferred embodiment, the block comprises an adjuster component, or 
module, and a cutting guide component, or module. After preliminarily 
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attaching the adjustable cutting block to the distal femur, the surgeon uses 
the adjustor to locate the cutting guide's position at the distal femur, fixates 
the cutting guide at the bone, removes the adjustor, and performs the 
resection. 

5 Figures 1-2 show an embodiment of an adjustable cutting block 

positioned at a distal femur (1), whereas Figures 3-5 show, respectively, 
side, front, and top view of the adjustable cutting block. Figure 6 
schematically depicts a ball-and-socket structure of the adjustable cutting 
block. 

10 The distal femur comprises distal (3), anterior (5), posterior (7), 

medial (9), and lateral (11) sides. The block generally comprises a cutting 
guide component (13) and an adjustor component (15). Upon installation 
of the cutting block, the cutting guide (13) is positioned at the anterior 
surface (5) of the distal femur (1) and comprises, in the lengthwise medial- 
15 lateral orientation, a guiding slot (17) for guiding a surgical saw in a distal 
femoral cut (19) generally directed transversely to the long femoral axis. 
The adjustor also comprises a module (21) for attachment of the block to a 
femoral anchor post or an intramedullary (IM) rod. As shown in Figure 1, 
the attachment module (2.1) comprises an opening (23) for the femoral 
20 anchor post or the IM rod. During TKA, the surgeon slides the opening 
(23) over the post inserted into the distal femur. After grossly adjusting the 
superior/inferior position of the adjustable block on the femoral post, the 
surgeon fixates the block on the post, for example, by a screw inserted into 
a corresponding threaded opening (25) directed perpendicularly to the 
femoral post opening. Alternatively, the block can be attached to an IM rod 
inserted into a femoral canal. As shown in Figure 1, after installation, the 
attachment module rests on the femoral condyles (27), but it can be 
positioned in any desired spot at the discretion of the user. 

The adjustor also comprises a ball-and-socket structure (29) 
connecting the attachment module (21) and the cutting guide (13). The 
ball-and-socket structure (29) allows angular varus/valgus and 
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flexion/extension adjustments of the cutting guide relative to the adjuster 
(15) and the distal femur (1). The ball-and-socket structure (29) Is 
adjustably attached to the attachment module (21) and to the cutting guide 
(13). The adjustable connections between the cutting guide (13), the ball- 
5 and-socket structure (29), and the attachment module (21) allow for the 
superior/inferior and the anterior/posterior transiational adjustments of the 
cutting guide (13) at the distal femur (1). 

More specifically, the ball-and-socket structure (29) is slidably 
connected to the attachment module (21), thereby permitting the 

10 movement of the cutting block In the anterior/posterior direction of the 
distal femur. This slidable connection, for example, allows sizing the 
anterior/posterior measurement of the adjustable cutting block to the 
differently sized femoral condyles. The slidable connection responsible for 
the block's anterior/posterior adjustment is controlled by a lever-tightening 

15 mechanism. After releasing the anterior/posterior adjustment lever (31), 
the user generally moves the cutting guide (13) with the ball-and-socket 
structure (29) in the anterior/posterior direction. After reaching the desired 
location, the user tightens the lever (31), thereby fixating the 
anterior/posterior position of the cutting guide (13) on the distal femur. 

20 The superior/inferior position of the cutting guide (13) on the distal 

femur is controlled by one or more mechanisms. In the embodiment 
illustrated in Figures 1-5, the superior/inferior position is controlled by at 
least two mechanisms. The first mechanism is responsible for the gross 
superior/inferior adjustment, and the second mechanism is responsible for 

25 the fine superior/inferior adjustment. The first mechanism is a slidable 
connection between the ball-and-socket structure (29) and the cutting 
guide (13). in the embodiment illustrated in Figure 1, the superior/inferior 
slidable connection between the ball-and-socket structure (29) and the 
cutting guide is lever-controlled (33). Releasing the lever (33) frees the 

30 slidable connection and allows the user to grossly adjust the 
superior/inferior position of the cutting guide (13) by moving the cutting 
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guide relative to the ball-and-socket structure (29). After sliding the cutting 
guide (13) to a desired superior/inferior position, the surgeon tightens the 
lever (33), thereby fixating the gross superior/inferior position of the guide 
at the distal femur. 

5 The second mechanism is an adjustable screw-controlled 

connection, or a linear way, between the ball-and-socket structure (29) and 
the attachment module (21) of the adjuster (15) that converts the rotation 
of the screw (35) Into the superior/inferior translation. The user turns a 
knob (37) to turn the control screw (35). This moves the ball-and-socket 

10 structure (29) with the cutting guide (13) attached to it in the 
superior/inferior direction relative to the attachment module (21). 
Employing an adjustable screw-controlled connection allows the user to 
finely adjust the distal resection depth. As the screw (35) is turned, the 
ball-and-socket structure (29) moves in the superior/inferior direction (or, 

15 as a variation, in the distal/proximal direction), which, in turn, moves the 
attached cutting guide (1 3) in a like manner. 

According to the preferred embodiment shown in Figures 1-6, the 
ball-and-socket mechanism allows for angular adjustments of the cutting 
guide's position in flexion/extension and varus/valgus. The ball-and-socket 
20 structure (29) comprises a plate (41), and four members (43, 45, 47, 49). 
The plate (41) is operably connected to the cutting guide (13). The first 
member (43) is essentially a plunger retractable through the corresponding 
opening (51) in the second member (45). The first member (43) and the 
second member (45) are respectively equipped with a first ball member 
(55) and a second ball member (57) placed in the corresponding sockets 
(59, 61) in the plate (41), thereby respectively forming a first and a second 
ball-and-socket joints. The third member (47) is essentially a plunger 
retractable through the corresponding openings (44, 48) in the second 
member (45) and the fourth member (49) and adjustably connecting the 
second member (45) and the fourth member (49). The fourth member is 
equipped with a ball (63) inserted into a socket (65), thereby forming a 
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third ball and socket joint (63, 65). The sockets are shaped so that the first 
ball-and-socket joint (55, 59) Is capable of rotating around the varus/valgus 
axis, and the second (57, 61) and the third (63, 65) ball-and-socket joints 
are capable of rotating around the flexion/extension axis. 

5 In a preferred embodiment, the two retractable plungers (43, 47) are 

screws inserted into the threaded openings (51, 44, 48) and equipped with 
the knob controls (67, 69). Turning the first knob (67). extends or retracts 
the first plunger (43), translating the first ball-and-socket joint (55, 59). The 
extension or retraction of the first plunger (43) combined with the 
10 translationally stabilization of the second and the third ball-and-socket 
joints (57, 61, 63 t 65) by the third member (47), causes the 
flexion/extension angular movement of the balls (57, 63) in the sockets 
(61, 65), which tilts the plate (41) in flexion/extension, and rotates the 
cutting guide (1 3) in flexion/extension. 

15 Turning the adjustment knob (69) of the third member, also referred 

to as a second plunger (47), extends or retracts the plunger through the 
openings in the second and the fourth members (45, 47), translating the 
second and the third ball-and-socket joints (57, 61, 63, 65). The extension 
or retraction of the plunger (47) combined with the translational 

20 stabilization at the first member (43), induces rotation of the first ball (55) in 
Its socket (59) in varus/valgus, thereby tilting the plate (41) and the cutting 
block (13) in varus/valgus. 

As noted above, the ball-and-socket structure (29) is operably 
connected at its fourth member (49) to the attachment module (21) of the 
25 adjuster (15) by the superior/inferior translationally adjustable screw 
connection. 

After completing the superior/inferior, anterior/posterior, 
varus/valgus, and flexion/extension adjustments, in any combination or 
order, the user affixes the cutting guide to the bone. As shown in Figures 
30 1-5, the cutting guide comprises openings (69) for inserting screws, pins, 
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or other fixation structures. After fixating the guide (13) to the bone, the 
user releases one or more connections of the cutting block to the adjustor 
(15) and removes the adjustor from the surgical field. The user then uses 
the slot (17) in the cutting guide to direct the saw blade in the distal femoral 
5 cut (19). After completing the distal femoral cut, the surgeon removes the 
cutting guide (13). 

During TKA, the surgeons often perform the distal femoral cut first 
when preparing the distal femur for installation of the femoral prosthetic 
component Other femoral cuts follow the distal femoral cut, with the 

10 surgeon often using the distal cut's plane as a reference to establish the 
position of the other resection planes. In a variation on the present 
embodiment, adjustable cutting blocks are provided for various femoral 
cuts performed during TKA. For example, the adjustable cutting blocks 
can be provided for cuts such as, but not limited to, a transversely directed 

15 distal femoral cut, an axially directed anterior femoral cut, an axially 
directed posterior femoral cut, anterior and posterior chamfer femoral cuts, 
a trochlear recess cut, or any combination or variation of those. The 
cutting blocks can be combination cutting blocks suitable for performing 
multiple bone cuts. 

20 In one embodiment, the surgeon uses one or more of the adjustable 

cutting blocks provided by certain aspects and embodiments of the present 
invention to perform all the cuts during a surgical procedure. For example, 
performing a conventional TKA femoral resection sequence of cuts, the 
surgeon uses an adjustable cutting block to perform a distal femoral cut 

25 Then, using the distal plane as a reference, the surgeon employs 
adjustable cutting blocks to perform axial, anterior, and posterior cuts, and 
any other cuts, if required, not necessarily in the above order. 

Adding additional adjustment capabilities, including but not limited to 
an additional rotational axis, is envisioned, and falls within the aspects and 
30 embodiments of the present invention. Additional angular control is 
advantageous, for example, for better adjustment of the cutting guide 
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position in the unicondylar knee surgery applications Additional angular 
control would also be advantageous for surgical techniques, where one 
cutting guide facilitates all of the cuts necessary to place the total knee 
prosthesis. Also possible is reduction In adjustment capabilities as 
5 preferred for a particular application. 

Adjustable Transverse Cutting Block 

In another one of its aspects and embodiments, the present 
invention provides an adjustable transverse cutting block (100) illustrated 
In Figure 7. In a preferred embodiment, the adjustable transverse cutting 

10 block (100) is for accurately performing distal femoral cut during TKA. 
Adapting the block (100) for performing proximal tibial cuts during TKA is 
also envisioned. In general, the principles and concepts of the adjustable 
transverse cutting block (100) described herein can be applied to cutting 
blocks for performing various bone cuts during a range of surgical 

15 procedures, including, but not limited to, resection of bones during the joint 
arthroplasties. 

The adjustable transverse cutting block (100) comprises a cutting 
guide (101) and an adjustor (103). In a preferred embodiment, the adjustor 
(103) comprises a module (102) comprising one or more structures for 
20 preliminary fixation to the bone (105), including, but not limited to, 
openings for screws or pins, bone spikes, pins, screws, or integrated 
spikes. The cutting guide (101) also comprises the structures (113) for 
fixation at the bone after adjustment, and a cutting slot (115) for guiding a 
surgical saw in a distal femoral cut. 

The adjustable transverse cutting block comprises the mechanisms 
for angular adjustments around the varus/valgus (107) and the 
flexion/extension (109) axes and the mechanism for translational 
superior/inferior (111), or resection depth, adjustment. The adjustment 
mechanisms allow the user to move cutting guide (101) with respect to the 
adjustor (103) that has been preliminarily affixed to the bone. Thus, 
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preliminary fixation of the cutting block does not interfere with its 
adjustment capabilities. In a preferred embodiment, the adjuster (103) 
comprises the structures for angular adjustments In flexion/extension and 
varusl/valgus. The device comprises a spherical joint (not shown), 
5 operably connected to the module preliminarily fixated at the bone (102) 
using the provided preliminary fixation structures (105). The 
flexion/extension adjustment knob (109) at the anterior side of the device 
rotates the corresponding screw (104) and tilts the module (102) In 
flexion/extension with respect to the varus/valgus adjustment knob (107) 

10 and the corresponding screw (106) that protrudes in the medial/lateral 
direction. Rotating the varus/valgus adjustment knob (107) causes rotation 
of the corresponding screw (104), which tilts the flexion/extension 
adjustment knob (109), the corresponding screw (107), and the 
aforementioned module (102) in the varus/valgus direction with respect to 

15 the linear way (1 1 0). The linear way (1 10) translates in the distal/proximal 
direction with the resection depth adjustment knob (111) which extends in 
the superior/inferior direction. 

Although suitable for bone resection during any appropriate surgical 
application, the adjustable transverse cutting block (100) provided herein is 

20 particularly advantageous during computer-assisted surgery. The user 
provisionally locates the cutting block (100) using conventional anatomical 
landmarks, and then fine-tunes the block's position using navigational 
feedback. Integrating several adjustment capabilities In the same block 
allows reducing the number of the block's components, as well as its size 

25 as compared to the conventional adjustable cutting blocks, thereby 
rendering the block according to aspects and embodiments of the present 
invention particularly suitable for minimally invasive surgical applications. 

Adding additional adjustment capabilities, including but not limited to 
an additional rotational axis, is envisioned, and falls within the aspects and 
30 embodiments of the present invention. Additional angluar control is 
advantageous, for example, for better adjustment of the cutting guide in 
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the unicondylar knee surgery applications. Also possible is reduction in 
adjustment capabilities as preferred for a particular application. 

When the block (100) is used during TKR, the user grossly 
determines the position and orientation of the block, and preliminarily 
5 fixates the block at the patients distal femur, for example, by inserting 
fixation devices into the appropriate openings in the adjuster. The user 
then adjusts varus/valgus and flexion/extension angles of the cutting guide 
using the respective adjustment mechanisms. The user rotates an 
appropriate knob, thereby adjusting a varus/valgus or flexion/extension 

10 angle of the cutting guide relative to the femur. In a preferred embodiment, 
the operator first determines and adjusts the varus/valgus and 
flexion/extension, followed by the superior/inferior, or resection depth 
adjustment. This order of operation, although non-limiting, can be chosen 
because adjusting the angular position of the cutting guide also involves 

15 translation along the long axis of the femur. Thus, the user may prefer to 
adjust the angular orientation of the cutting block in flexion/extension and 
varus/valgus, in any order, followed by the translational adjustment of the 
superior/inferior position, or the resection depth. 

After the desired position of the transverse adjustable cutting block 
20 is obtained, the user fixates the cutting guide using appropriate fixation 
devices to attach the cutting guide to the femur. In one embodiment, the 
adjustor is removed after the final fixation, but the adjuster can also be left 
in place. Upon final fixation, the user performs the distal femoral or 
proximal tibia! cut by using the guiding slot in the guide to direct a surgical 
25 saw. 

Adjustable Femoral Block 

In another one of its aspects and embodiments, the present 
invention provides an adjustable femoral block (200). In the embodiment 
illustrated in Figure 8, the adjustable femoral cutting block (200) is 
30 intended for performing axially directed anterior and posterior cuts and 
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chamfer anterior and posterior cuts. In general, the principles and 
concepts of the adjustable femoral cutting block described herein can be 
applied to cutting blocks for performing various bone cuts during a range of 
surgical procedures, including, but not limited to, resection of bones during 
5 joint arthroplasties. 

The adjustable femoral block (200) comprises an adjuster (201) and 
a cutting guide (203). The adjustor (201) comprises structures (205) for 
preliminary fixation to the distal femur, such as openings for Inserting 
screws, pins, or the like. The adjustable femoral cutting block (200) 
10 comprises one or more mechanisms for adjusting the position of the 
cutting block component with respect to the adjustor component 
preliminarily fixated to the bone and to the distal femur. The adjustable 
cutting block is translationally adjustable in the anterior/posterior direction. 
Rotating an anterior/posterior adjustment screw (207) causes a centrally 
located pin (location shown in 209) to move in the anterior/posterior 
direction. 

The adjustable cutting block (200) is angularly adjustable in the 
internal/external axial rotation around the long axis of the femur. Turning a 
internal/external rotation adjustment screw (211) causes a linear way to 
move a second rotational pin (213) positioned, at a distance from the 
central pin (209). As the rotational pin (213) is moved with respect to the 
central pin (209), the cutting block is forced to rotate around the central pin 
(209). 

The cutting guide comprises slots for directing a saw in axial (215) 
and chamfer (21 7) cuts and structures (219) for affixing the cutting guide to 
the bone. 

During TKR, the user positions the adjustable femoral block (200) at 
the femur. In a preferred embodiment, the surgeon employs the adjustable 
femoral block after completing the distal femoral cut and, thus, uses the 
distal femoral cut plane as a reference for positioning the adjustable 
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femoral block, although other surgical options are possible. After 
preliminarily fixating the block to the bone using the adjustor preliminary 
fixation structures, the user fine-tunes the anterior/posterior and 
flexion/extension position of the block using the respective adjustment 
5 mechanisms. 

Once the cutting guide is oriented, the user affixes It to the femur 
using provided structures for the final fixation, such as, but not limited to, 
the openings for the fixation pins or screws. After the final fixation, the user 
removes the adjustor, thereby distally exposing the axial and chamfer saw 
10 guide slots for guiding the surgical saw in the resections. In a variation, an 
adjustor module of the block can be positioned anterior with respect to 
cutting guide component, rather than distally. This leaves the cutting slots 
in the guide exposed, thereby rendering it unnecessary to remove the 
adjustor prior to the resection . 

15 Adding additional adjustments capabilities, including but not limited 

to an additional rotational axis, is envisioned and falls within the aspects 
and embodiments of the present invention. Reducing adjustment 
capabilities as preferred for a particular application is also possible. 

Although suitable for bone resection during any appropriate surgical 
20 application, the adjustable femoral cutting block is particularly 
advantageous during computer-assisted surgery. The user provisionally 
locates the cutting block (200) using conventional anatomical landmarks 
and then fine-tunes the block's position using navigational feedback. 
Integrating several adjustment capabilities in the same block allows 
25 reducing the number of the block's components and its size as compared 
to conventional adjustable cutting blocks, thereby rendering the block 
according to aspects and embodiments of the present invention particularly 
suitable for minimally invasive surgical applications. The adjustable 
femoral cutting block (200) allows the user to fine-tune the position of the 
30 block within a minimally invasive incision. Further the cutting block (200) 
can be positioned without the encumbrance of mechanical referencing 
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devices that complicate the surgery, are traumatic to the patient's tissues, 
and may interfere with the exact positioning of. the block to the desired 
location. 



Mechanized Cutting Block Adapter 

5 In another one of its aspects and embodiments, the present 

invention provides a mechanized cutting block adaptor (MCBA) illustrated 
in Figure 9. The mechanized cutting block adaptor (300) is an adjuster 
device for positioning a cutting block during surgery. In an embodiment 
shown in Figure 9, the mechanized cutting block adaptor (300) is for 
10 positioning a femoral cutting guide (301) during TKA. MCBA can also be 
used in resection of the proximal tibia or other bones during various joint 
arthroplasties. In general, using MCBA for adjusting cutting blocks during 
a range of surgical procedures is also envisioned. In addition to 
positioning cutting blocks, MCBA-like devices can be employed for locating 
15 any surgical structures or components, including, but not limited to, drill 
guides for adjusting the location of screws for trauma applications, such as 
during the distal fixation of femoral nails, positioning of the guides for 
performing cuts during hip replacements on the proximal femur. In 
general, any application where a precisely osteotomy is required, an 
20 MCBA-like device could be used to locate a guide to facilitate accurate 
bone resection. 

As shown in Figure 9, the adaptor (300) is percutaneously affixed to 
the patient's femur (303) using the provided openings (302) and the 
fixation pins (304). For operation, the adaptor (300) is operably connected 
to the cutting guide (301). Percutaneous installation is an example for 
using MCBA or similar devices, but any suitable mode of installation can 
be used. Installing MCBA percutaneously as shown in Figure 8 is 
particularly advantageous for minimally invasive surgical applications 
because it minimizes the trauma to the patient's knee tissues and makes 
manipulating the adaptor easier. MCBA is also particularly useful for 
computer-aided surgical procedures, such as computer-aided TKA, 
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because the user utilizes navigational feedback from the system to alter 
the position of the cutting guide using MCBA, 

Among other components, MCBA comprises structures (305) for 
affixing the adaptor to the patient, adjustment structures or mechanisms 
5 (307), and a structure for engaging the cutting guide (301), such as the 
platform (309) shown in Figure 9. In a preferred embodiment depicted In 
Figure 8, the MCBA is for adjusting the position of a cutting guide (301) for 
performing a distal femoral cut and comprises adjustment mechanisms for 
translational superior/inferior, or resection depth adjustment, and 
10 varus/valgus and flexion/extension adjustments. 

As shown in Figure 9, the angular adjustment structure employs a 
ball-and-socket structure (307) similar to the structures described in detail 
elsewhere in the present application, and comprising several members 
(313) equipped with the balls (317) inserted into the plate (316) operably 

15 connected to the cutting guide (301), thereby forming ball-and-socket 
joints. The ball-and-socket structure (307) is adjustable by rotation of the 
screws (318) pulling or pushing one or more of its members (313), which 
tilts the plate (316) engaging the cutting guide (301) via the platform (309). 
Any other suitable adjustments structures and mechanisms can be 

20 employed, including but not limited to rack-and-pinion structures, worm 
gears, or spur gears. 

During surgery, the user positions and affixes the MCBA to the 
patient in the general location and orientation of the desired cut. Before, 
during, or after installation, an appropriate cutting guide (301) is attached 

25 to the MCBA using the engagement structure (309). By manipulating one 
or more of the MCBA's adjustments mechanisms (307), the user adjusts 
the position of the cutting guide at the femur (303), The user can employ a 
computer navigation system a referencing device, such as a graduate 
scale, to adjust the position of the cutting block with MCBA, although any 

30 suitable referencing method can be used. In a preferred embodiment, the 
user adjusts superior/inferior position of the guide (301) and its 
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flexion/extension and varus/valgus angular orientation, not necessarily In 
the above order. Upon adjustment, the cutting guide (301) Is affixed to the 
patienfs femur (303) within the incision using the provided fixation 
structures, such as openings (311) for inserting fixation pins (319). After 
5 the cutting block (301) has been affixed, the MCBA may be disengaged 
and removed from the cutting block (301). During TKR, the MCBA can 
also be used for adjustment of cutting guides at the patienfs tibia (321). 

Adding features to MCBA, such as, but not limited to, additional 
engagement components or adjustment capabilities, is envisioned and falls 
10 within the scope of the aspects and embodiments of the present invention. 
Such additional components and capabilities can be useful for locating 
surgical instruments, for example, drill guides, and can be used to adapt 
MCBA for various resections. 

The particular embodiments of the invention have been described 
15 for clarity, but are not limiting of the present invention. Those of skill in the 
art can readily determine that additional embodiments and features of the 
invention are within the scope of the appended claims and equivalents 
thereto. All publications cited herein are incorporated by reference in their 
entirety. 
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CLAIMS 

What Is claimed Is: 

1. A system for positioning a cutting guide for 
preparation of a bone of a patient during total knee arthroplasty, 
comprising: 

an adjustor for adjusting said cutting guide at the bone; 

structures operatively associated with the adjustor for adjusting 
the position of the cutting guide in at least one degree of 
rotational freedom and at least one degree of translations 
freedom; 

structures for stabilizing the adjustor at the bone; and 
structures for engaging the cutting guide. 

2. The system of Claim 1, further comprising the 
cutting guide. 

3. The system of Claim 2, wherein the cutting guide 
is a femoral cutting guide or a tibial cutting guide. 

4. The system of Claim 1, further comprising a 
femoral cutting guide for performing one or more of distal, axially 
directed anterior, axially directed posterior, anterior chamfer, or 
posterior chamfer cuts, or a combination thereof. 

5. The system of Claim 4, wherein the adjustor 
comprises one or more structures for the adjustment of the cutting 
guide with respect to the femur in at least one of superior/Inferior, 
medial/lateral, or anterior/posterior translations. 
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6. The system of Claim 4, wherein the adjustor comprises 
one or more structures for the adjustment of the cutting guide with 
respect to the femur in at least one of varus/valgus angle, 
flexion/extension angle, or axial rotation. 

7. The system of Claim 4, wherein the adjustor comprises 
one or more structures for the adjustment of the cutting guide with 
respect to the femur in at least one of vargus/valgus angle, 
flexion/extension angle, or proxlmai/distal translation. 

8. The system of Claim 4, wherein the adjustor 
comprises a ball-and-socket structure for adjusting the cutting guide 
in at least two degrees of rotational freedom, comprising: 

a plate operably connected to the cutting guide and 
comprising a first, a second, and a third sockets; 

a first member comprising a first ball member inserted 
into the first socket; 

a second member, comprising a second ball member 
inserted into the second socket, a first opening, and a second 
opening, wherein the first member is inserted into and is 
retractable through the first opening in the second member; 

a third member; and 

a fourth member comprising a third ball member 
inserted into the third socket and a third opening, wherein the 
third member is inserted into and Is retractable through the 
second opening in the second member and the third opening 
in the third member; 
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wherein retracting or inserting at least one of the first 
member through the first opening or the third member through 
at least one of the second opening or the third opening moves 
the plate in at least one degree of rotational freedom, causing 
the cutting guide to move in the at least one degree of 
rotational freedom. 

9. The system of Claim 1, wherein the adjuster 
further comprises a module for stabilizing the adjuster at the bone. 

10. The system of Claim 9; wherein the module for 
attaching the adjuster to the bone is for attaching the adjuster to a 
femoral post or to an intramedullary rod. 

11. The system of Claim 9, wherein the module for 
attaching the adjuster to the bone is adjustably connected to the 
ball-and-socket structures by a translationally adjustable connection. 

12. The system of Claim 11, wherein the module for 
attaching the adjuster to the bone is adjustably connected to the ball 
and socket structures by the translationally adjustable connection 
controlled by a lever or a screw. 

13. The system of Claim 11, wherein the 
translationally adjustable connection is adjustable in one or more of 
superior/inferior, anterior/posterior or medial/lateral translations. 

14. The system of Claim 12, wherein the ball and 
socket structure is connected to the cutting guide by one or more 
translationally adjustable connections controlled by a lever or a 
screw. 

15. The system of Claim 12, wherein the 
translationally adjustable connection is adjustable in one or more of 
superior/anterior, anterior/posterior or medial/lateral translations. 
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16. The system of Claim 1, wherein the adjuster 
comprises means for attaching the adjuster to the bone 
percutaneously. 

17. The system of Claim 1 , wherein the adjuster is of 
a size suitable for minimally invasive surgery. 

18. The system of Claim 1 , further comprising one or 
more flduclals for computer-assisted surgery. 

19. A method for adjusting a position of a cutting 
block at a bone of a patient, comprising the steps of: 

a. attaching an adjuster to the bone; 

b. connecting the cutting guide to the adjuster; 

c. manipulating the adjuster to adjust the position 
of the cutting guide in at least one degree of translational 
freedom and at least one degree of translational freedom; 

d. attaching the cutting guide to the bone; and 

e. cutting the bone with a cutting Implement 
directed by the cutting guide. 

20. The method of Claim 19, further comprising 
disengaging the adjuster device from the cutting guide. 

21. The method of Claim 19, wherein the cutting 
guide is a femoral cutting guide or a tibial cutting guide. 

22. The method of Claim 21, further comprising in 
step e cutting the bone in one or more of distal, axially directed 
anterior, axially directed posterior, anterior chamfer, or posterior 
chamfer cuts, or a combination thereof. 
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23. The method of Claim 19, further comprising in 
step c adjusting the position of the cutting guide with respect to the 
femur in at least one of superior/inferior, medial/lateral, or 
anterior/posterior translations. 

24. The method of Claim 19, further comprising in step c 
adjusting the position cutting guide with respect to the femur In at 
least one of varus/valgus angle, flexion/extension angle, or axial 
rotation. 

25. The method of Claim 19, further comprising in step c 
adjusting the position cutting guide with respect to the femur in at 
least one of varus/valgus angle, flexion/extension angle, or 
proximal/distal translation. 



37 



WO 2005/048851 
FIGURE 1 



1/9 



PCT/US2004/038284 




57,61 




1, 11 



WO 2005/048851 PCT/US2004/038284 

3/9 

FIGURE 3 



69,47 



67 



WO 2005/048851 
FIGURE 4 



4/9 



PCTAJS2004/038284 





23 



WO 2005/048851 
FIGURE 6 



PCT/US2004/038284 



619 



69 21 
37 

45 | 49 



67 



in 



43 



nh 



pi? 

55 63 
57 



35 



WO 2005/048851 
FIGURE 7 



7/9 



PCT/US2004/038284 




WO 2005/048851 
FIGURE 8 



8/9 



PCTYUS2004/038284 




200,201 



WO 2005/048851 PCT/US2004/038284 

9/9 

FIGURE 9 



311 



319 



INTERNATIONAL SEARCH REPORT 



Interatrial Application No 

PCT/US2004/038284 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61B17/15 



According to International Patent Classification (IPO) or to both national classification and IPC 



6. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61B 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, wtlh Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2002/198531 Al (MILLARD THIERRY ET AL) 
26 December 2002 (2002-12-26) 
abstract; figures 

paragraph '0001! 

paragraph '0007! - paragraph '0019! 
paragraph '0031! - paragraph '0039! 

WO 00/00093 A (PLUS END0PROTHETIK A6; 
HAURI, BERNHARD; HAURI, THOMAS; BERNER, 
WERNER) 6 January 2000 (2000-01-06) 
abstract; figures 



page 1, lines 4-8 
page 3, lines 24-29 
page 4, line 8 - page 7, line 2 
page 10, line 3 - page 30, line 



1-7,9, 
16,18 
8,10-15, 
17 



1-7,9, 
16,18 

8,10-15, 
17 



30 

-/-- 



m 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed In annex. 



0 Special categories of cited documents : 

'A* document defining the general state of the art which Is not 
considered to be of particular relevance 

*E" earner document but published on or after the International 
filing date 

V document which may throw doubts on priority darm{s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*O a document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority dale claimed 



■T* later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X' document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

a Y* document of particular relevance; the claimed invention 
cannot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
' ments, such combination being obvious to a person skilled 
in the art 

"&' document member of the same patent family 



Date of the actual completion of the International search 



16 March 2005 



Date of mailing of the international search report 

24/03/2005 



Name and mailing address of the ISA 

European Patent Office, P.B. 5816 Patenttaan 2 
NL-2280HVRIJsw!k 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nt, 
Fax: (+31-70) 340-3016 



Authorized officer 



Lager, J 



Form PCT71SA/210 (second shea)) (January 2004) 



INTERNATIONAL SEARCH REPORT 


Inter^PnaJ Application No 

PCT/US2004/038284 


C(ContlnuoUon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Citation of document, with indication, where appropriate, otthe relevant passages 


Relevant to ctalm No. 


X 
A 


WO 03/075740 A (NEMCOMED LTD) 
18 September 2003 (2003-09-18) 
abstract; figures 

page 1, line 29 - page 2, line 19 
page 5, line 25 - page 6, line 13 
page 7, lines 1-30 
page 8, line 23 - page 11, line 26 
page 12, line 6 - page 15, line 17 
page 25, line 28 - page 26, line 3 




I- 5,9, 

10,16,17 1 
6-8, 

II- 15,18 


X 
A 


US 6 258 096 61 (SEKI TAKAHIRO) 

10 July 2001 (2001-07-10) 

abstract; figures 

column 1, lines 8-15 

column 4, lines 24-65 

column 6, line 51 - column 8, line 49 




1-7 
8-18 


X 
A 


EP 0 720 834 A (BRISTOL-MYERS SQUIBB 
COMPANY; BOOTH, ROBERT E., JR) 
10 July 1996 (1996-07-10) 
abstract; figures 

l*U 1 UllJII 1) 1 1 lico 9 iv 

column 1, line 31 - column 2, line 17 
column 3, line 22 - column 4, line 3 
column 6, line 35 - column 7, line 1 




I- 5,9,10 

6-8, 

II- 18 


X 
A 


US 4 457 307 A (STILLWELL ET AL) 
3 July 1984 (1984-07-03) 
the whole document 




1-5,9 

6-8, 
10-18 


X 
A 


DE 102 07 035 Al (AESCULAP AG & CO. KG) 
4 September 2003 (2003-09-04) 
the whole document 




1 

2-18 



Form POT/ISA/210 (continuation of second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



InWhaUonal application No. 
PCT/US2004/038284 



Box II Observations where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 



This International Search Report has not been established In respect of certain claims under Article 17(2)(a) (or the following reasons: 

1. [71 Claims Nos.: 19-25 

ua " J because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
surgery 

2. ClaimsNos.: , t ^ JL 

— because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I ClalmsNos.: 

1 — 1 because they are dependent claims and are not drafted hi accordance with the second and third sentences of Rule 6.4(a). 



Box in Observations where unity of Invention Is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found mulHple Inventions In this International application, as follows: 



1. 



□ As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
searchable claims. 



2. n As all searchable claims could be searched without effort Justifying an additional fee, this Authority did not Invite payment 
— of any additional fee. 



3. | I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I — I covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report Is 
— restricted to the Invention first mentioned In the claims; It Is covered by claims Nos.: 



Remark on Protest 



| | The additional search fees were accompanied by the applicant's protest 
| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (2)) (January 2004) 



INTERNATIONAL SEARCH REPORT 



Inton^phal Application No 

PCT/US2004/038284 



Patent document 


Publication 




Patent family 


Publication 


cited In search report 


date 




member(e) 


date 


US 2002198531 Al 


26-12-2002 


FR 


2826254 Al 


27-12-2002 






EP 


1269924 Al 


02-01-2003 



WO 0000093 



06-01-2000 



WO 


0000093 Al 


06-01-2000 


AT 


275367 T 


15-09-2004 


AU 


755664 B2 


19-12-2002 


AU 


8006898 A 


17-01-2000 


DE 


59811929 Dl 


14-10-2004 


EP 


1091696 Al 


18-04-2001 


OP 


2002519093 T 


02-07-2002 


US 


6554837 Bl 


29-04-2003 


All 


2003216460 Al 


22-09-2003 


CA 


2474967 Al 


18-09-2003 


EP 


1480549 A2 


01-12-2004 


WO 


03075740 A2 


18-09-2003 


us 


2003171757 Al 


11-09-2003 



WO 03075740 



18-09-2003 



US 6258096 Bl 10-07-2001 JP 2000287983 A 17-10-2000 



EP 0720834 A 10-07-1996 



US 


5540696 A 


30-07-1996 


AU 


699893 B2 


17-12-1998 


AU 


4075195 A 


18-07-1996 


CA 


2165933 Al 


07-07-1996 


CN 


1132067 A 


02-10-1996 


DE 


69602624 Dl 


08-07-1999 


DE 


69602624 T2 


21-10-1999 


EP 


0720834 A2 


10-07-1996 


OP 


8229058 A 


10-09-1996 


US 


5688280 A 


18-11-1997 



US 4457307 


A 


03-07-1984 


NONE 




DE 10207035 


Al 


04-09-2003 


AU 2003208799 Al 


09-09-2003 






WO 03070112 Al 


28-08-2003 








EP 1476085 Al 


17-11-2004 



Form POT/ISA/210 {patent family amax) (January 2004) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



